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AIISTRAC’I’

‘1’hc  NASA/JPI.  airborne SAJ< system (popL]larly
known m “AI RSAR”) has bwn ftown  aboad the NASA
Ames l<cscarch Ccn[cr 1X-8  since 1987. AIRSAR  is a
Lbrcc  frequency (P-, 1.-, and C-hands) polarimctric  r-a&
with the intcrfcromctric  capability. I;vcn (bough  various
modes of opcra[ion  arc possible with the AI RSA1<  systcm,
i t has three basic operational modes (polarimctric,  across
track intcrfcromctry, and along track intcrfcromctry).

“Ihc AIRSAR hardware consists of R?~li (Rl;
} llcc[mnics), digital electronics, antenna, control computer,
omboarcl processor, and power distribution subsystems. A
sing]c l]CG (1 )igilal Chirp Clcncrator)  gcncratcs  the chirp
waveform and it is up-con vcrlcd to 1.-band. Subsequent up-
cand down- con vcrsi ons produce C- and P- band chirp
signals, rcspcctivcly.  I’hc return echo is amplified by I.NA
(lx)w  Noise Amplifier) and digitized by 8-bit AIX
(At]alog-t(J-lJigital  Convc.rtcr). ~’hc digi[al dah f[om s i x
channels arc mrrltiplcxcd  and stored on tape using the high
density digital rccordcr.

Ihring the AIRSAR mission, a real time
corrc]a[or  produces low resolution imagery to assess the
general hcaltb of the radar and to verify that the correct m-a
has been imaged. 1 )ata processing to prcducc high quality
image products happens in the weeks and mon(hs
following a flight campaign after proper calibration
parameters arc gcncra(cd, ‘J hc curlcn[  integrated proccssc~r
can Jmccss  both polarimctric and intcrfc.romctric  cla[a. In
this talk, wc will present detailed mission description,
hardware configuration, and data processing

INTRODUCTION

“1’hc NASA/J PI. airborne SAR (AI1<SAR)  systcnl bccamc
opc.1-ational in late 1987 and flew its first mission aboard a
IX-8 aircraft operated by NASA’s Ames RcscaJch Ccnlcr
in Mountain View, California. Since then, the AIRSAR

has flc)wn  nlissions every year and acquiml images in
North, Ccn(r:il ancl South America, Iirropc  and Australia.

“1’hc AIRSAR systcm can opcralc. in the fully polarimctric
mode at P-, 1,-, and C-band simultaneously, Both All
(Along-’l’rack  lntcrfcromctry) a n d  XI’1  (Cross-q’rack
lntc.rfcron~ctry)  modes arc availab]c at 1,- and C-bands la
l})c followiy]g sect ions, wc  wi l l  bricfty dcscrihc t h e
ins(rumcnt charactc]-istics  and pcrfot-mancc. 10 addition, WC
will discuss data processing and calibration of the radar.

INS’J’RUMICNT CllAllA[:l’lcRIST’lCS

‘lo achicvc polarimctric  capability, the AIRSAR systcm
transmits  (IIC }1- and V- polarized signals. Rcccivc
polarization diversity is accomplished by mcasurirrg  six
chanrrcls of mw data simultancous]y, both 11 and V
polari~ations at all three frcqucncics.  qhc video data arc
digi(i~cd using 8-bit AIXS,  providing a dynamic ]angc in
cxccss of 40 d}]. q’his raw data together with navigation
da(a is stored on tape using high density digital rccordcrs.
l’hc AIRSAR systcm also inclu(lcs a real-time processor
capable of processing any onc of the 12 molar channc]s  into
a scrolling image. In addition to chc.eking the health of tbc
radar, the set oiling display is also used to ensure that (1IC
cmcct area has been imaged. ‘J’able 1 proviclcs  a summary
of the AI I<SAR sys(cm cbarac(cristics. AIRSAR can bc
opcratccl in n~any different modes duc to the comp]cxi(y and
flexibility of the instrument.



I’mmctcr Value

Chirp Iiandwid[h  (M}lz) 20 (40)
[lirp Ccntcx 1 ‘m]. P: 438.75 (42.7.5)

(Ml lY) ],: 1248.75 (1237.5)
C: 5298.75 (5287.5)

Pcati ‘1’ransmit ]’owcr (dl}nl) 1’:62
1.:67
c: 60

Ankmna Gain (d13i) P: 14
1,:18
(2:24

Azimuth llcamwidd] (dcg) P: 19.0
I.: 8.0
C: 2.5

1 kvalion  Ilcamwidlh  (ctcg) P: 38.0
I.: 44.0
c: 50.0

AIIC Sampling (Ml]?) 45 (90)
I )UM IMc (,MIVS) 10
Nli 00 (Cl]]) P: -45

1>: -4s
c: -35

Nominal Al~ilucic (m) 8000
Nominal Velocity (Knots) 450
Slant Rrrngc Resolution (m) 10 (5)

Azimuth Rc.solution (m) 1
CiIound  swath 10-15
‘1’able 1. Sun~n]ary of AIRSAR syslcm characteristics.
‘1’hc parameters in ( ) apply to 40 MHY chirp bandwidth
ccmfigura[ion

In addition to three frequency polarimctric  nmdc, both All
and Xrl’l  modes m available. A’f”l  nmic was successfully
used to image ocean curmrts  and waves moving in the radar
Iinc-of-si.ght  direction. With addilion of more antennas and
antenna switching networks, AI RSAR is capable of taking
XII  data ( k n o w n  a s  ‘J’OPSAR). I’01’SAR was
successfully uscci to gcncratc topographic maps of areas of
intcrcsl.  Since 1995, wc have hecn cxpcrimcnting  with
alternating the transmit antenna bctwccn the top and i}Ic
bottom antennas (known a s  ping-pong  mode). ‘1’bis
cffcctivcly ciouhlcd the baseline and inilial dala analysis
showed that d~c Iongcr’  baseline produced DI;Ms (I)igilal
1 ilc.vation Moctcls) w i th  Rdlld R M S  bcight crl-or  a s
cxpcctcd. In acldilion, the ncwl y ddxt  1.-band X11 rnodc
prociuccci 1)1 iMs of slightly higher RMS hci.ght error ciuc to
shorter baseline lcng,tb (scaled by wavelength) compared
with thcm of C-band X1’1 mode.

‘lo produce accurate lJllMs,  wc need to know the baseline
prcciscly.  ‘1’o  & this, wc have also upgraded the lncrlial
Navigation Systcm (INS) and the Global Positioning
Systcm (GPS)  remivcr  in order 10 acquire more accurate
knowlcdzc of the location and attitude of ihc antennas. ~’hc
orig, inal navigat ion system of AIRSAR  consis[cd  of a
}Ioncywctl INS with a ring laser gyro that cic.tcrmincd  the

atti[udc of the aircrafl and a Motorola liaglc 4-channel CI1>S
rcccivcr tbnt provided the positioning infornlatior]  (Iatitudc
and longitude) of the aircraft. As tccbnology  advanced and
our MYXI fol m o r e  accur’atc p o s i t i o n i n g  ~Kl a[titlldc
infmnatior] bccmc more s~ringcnt, wc purchased a ncw
Motorola  Six-Ciun GPS rcccivcr and a ncw lloncywcll
lntcgratcd  GI’S ancl INS (lG]) in 1994. ‘1’hc Six-Gull GPS
rcccivcr has six charrncls and a much more stabtc clock
cornparcd Ic) the old unit and proviclcs  positioning accuracy
of 100 m using CA code. ‘1’his rcccivcr was integrated in
the racL~r in 1994. “1’hc  IIoncywcll  ICil has a smaller and
more sensitive ring laser gym inkgratcd  with a CIPS
rcccivcr capable of rccciving the more accura(c  but restricted
l]rccisc Positioning Scrvicc (1’1’S) da(a. ‘l’he. specifications
on this unil arc: 0.02’ heading accuracy, O.O1(’ roll and
pitch  accuracy, 0.03 n~/s velocity accuracy pcr axis, ~Kl 16
n] positioning, accuracy with 1’1’S. l’bc lG1 was installed
on the I) C-8 in 1994 but dlc data were rccordccl off-line and
were not availabtc  in the Miar header until the 1995 flight
season. in addition, wc have also expcrirncrltcd  with
differential Cil’S by using a ‘i’urbo  Rogue G1)S rcccivcr on
the aircraft in conjunction with another I’urbo  Rogue
rcccivcr on [he ground to obtain positioning accuracy of
better than 1 m.

I}ATA 1’ROCJcSSl NG

A varicly of processor-s ~and proccssin.g  techniques m
utili~.cd to process AI I-NAR da[a to imagery. A real-time
correlator  is part of the All<SAl< radar flight equipment
(the. Aircraft }~1 ight Corrc]ator)  and is used to produce low

rcsolotior]  (approx.  25 meter) two look survey imagery.
l’hc same cmhoard  cquiprncr~t is uscci 10 gcncratc  a slightly
higher resolution (1 S meter), 16 took image of a srnallcr
arcir (12 knl x 7 km) within 10 rninulcs  of acquisitiorl
using the quick-took processor. ‘i’hesc on-board processors
arc uscfrrl for assessing the. general llc.alth of the radar and
the success of data taking in real-tirne.

1 ‘inal proccssin.g of sclcctccl portions of the da[a to high
quality, fully calibrated image producls  happens in the
weeks and n]t)nths  following a flight can~paign. Currcntty,
uscr$ m a y  rcqucs(  irnagcs  fmn (wo different operational
processors, the synoptic processor and the frame processor.
In the synoptic processor, the user spc.cifics ttmcc data
channels to bc proccsscd. About five rninutcs  of raw data
from each of the three sclcctcd channels arc proccsscd  to 16
looks and amplitude-only irnagc strips, covering about 40
km along tl ack. IT] 40 MEIY mo(ic, the image strips would
be 8 looks and 20 km long. l’hcsc irnagc strips cover
about 9 km in the slant range ciircction for the 20 MHz. .
mode an(i 4.5 km for the 40 MHY mocic.

in terms of frame processing, wc currently supporl two
pmccssor  versions: the AIRSAR processor and the ncw
intcg,ratcci processor which is still under dcvclopmcnt.  lhc
ncw intcgratcci processor was dcvclopcxi mainly to process
X’1’l  da[a since X’1’I  mocic has bcconm incrcasir]gly  popular.
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In otdcr to do so. wc nccdcd  a new pmccssor  that tracks and ‘J’cchnoIogy, under a con[ract  wi[h the Na[ional Acmnau[ics
COn];-Jt;  nSamS for the mo(ion of the aircraft since uncorwctcci and Space Acltl~il~istrati{Jl~.
ntotion translates into baseline cnor bc[wccn the IWO
nntcnnas,  whicil mulls in height  error in the IjliM.

‘Illc integrated processor pmcsscs onc minute of rtiw dam
of all available dam channels in!o absolutely calibra[cd
image.s in comprcssccl Stokes matrix format that contains
all [hc polmiza[ion  information. If C-band cross-track
intcrfcromctcr  data am available for the data take, the
intcgmtcd processor will gcncmtc a digital clcvatiorr model
and a local inciclcncc angle map. By us ing the local
incidcncc ang]c m a p , all output images will Ix
geometrically and radiomctrically  corrcctcd  taking the
topography into account ml rcsamplcd  to ground range
with a 10 m by 10 m pixel spacing. ‘1’hc output images
cover about 10 km in the range direction by about 10 km
in the along-track direction for the 40 M}lY mxic,  and
about 20 km in the range direction by about 10 km in the
along-track dircc(ion for the 20 Ml lz. mrrdc. Although tbc
radar (iata rwc allows us to image about 20 km in range
swath for the 20 Ml I?. mode, the increasing phase noise duc
to dccrcasin.g  SNR as a function of incidcncc angle rcduccs
lilt ccmclalion bctwccn  tbc two antenna channck. As a
rc.suit, d]c RMS hcigbt crmr can bc quite large in far swath
LiLIC to poor SNR.

DATA CAI.IBRA1’ION

I’bc calibration of polarimctric  data is WCI1 uaclcrstood.
B]icfly, wi(il the calibration tone in ti)c rccc.ivc  chain an(i
cmncr rcflcc(or  verification, wc arc able to consistently
produce po]arimc.tric  images with better than 3 dll absolute
accuracy, better t}]an 1.5 dB relative accuracy amongst t})c 3
radar frcqucncics, a n d  bct(cr  than 0.5 dil bc.twc.cn tbc
polarization cbannc]s. I’hc relative phase calibration
bctwccn  the 11}1 and VV chanrrcls is better than 10.

‘l”hc calibration of XJ’1 data is much more challcrrging
bccausc various parameters, such as baseline vector, am
involved in tbc Xrl’l data processing. l’hc absolute phase
mus[ bc known in order to derive height information from
tile intcrfcromctric  data without 2n ambigui ty. “1 ‘hc

differential phase (bctwccn two channels) of the radar can bc
a function of syslcm tcmpcraturc. ‘1’hcrcforc,  wc ncmi to
clctcrminc both absolute and differential phase for each data
take. In addition, accurate knowledge of tbc baseline
bctwccn  the two antennas is ncccssary  to gcncratc accut-alc
1)1 {Ms Using the Rosamond Dry I,akc data, wc am
cummtly  working on calibration of X’1’I data. In addition
to usual calibration, wc implcmcntcd  the pbasc scrccn to
remove systematic range dcpcndcnt  bci.gbt errors wi~ich  can
bc caused by multipath.

‘1’hc research dcscribcd in this paper was canicd out by the
J e t  P r o p u l s i o n  I,aboratory,  California Ins[itutc of


